METANORPHISM 





e A process where rocks are recrystallized by 
heat and pressure in the earth's crust. 


Metamorphism is a process that usually 
accompanies orogeny 


The word “orogeny comes from 

the Greek (oros for "mountain" 

plus genesis for "creation’ or ‘origin'’), and it 
is the primary mechanism by which mountains 
are built on continents. 





¢ Take place in respond to the change of 
temperature and pressure. 


¢ Several type of the existing metamorphism: 


» Thermal / contact 

» Regional /dynamo 

» Cataclastic / kinematic/fault zone 
» Burial 

» Sea floor 





Thermal/contact metamorphism 


Occurred when the temperature increase and 
normally found around the body intrusion 
or plutonic rock, the area of contact can 
be meters until kilometer, which depend on 
the intrusion rock composition and the 
intruded rock, dimension and depth of the 
intrusion. 





Contact Metamorphism 


This type of metamorphism occurs locally adjacent to the igneous intrusion; 
with high temp. and low stress 


There is little change in bulk composition of the rock 


Area surrounding the intrusion (Batholith) is heated by the magma; 
metamorphism is restricted to a zone surrounding the intrusion, this zone is 
know as METAMORPHIC AUREOLE-. 


The rocks formed are non-foliated fine-grained rocks called as 
HORNFELS. 
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e Regional Metamorphism 


® metamorphism occurs covering larger area, which is subjected to intense 
deformation under direct or differential stress. 


e Rocks formed under such environment are usually strongly foliated, such 
as slates, schists, and gniesses. 


The differential stresses result from tectonic forces, 


eg. when two continental masses collide with one another resulting into 
mountain building activity. Compressive stresses result in folding of the 
rock 
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Regional metamorphism (dynamo thermal): 
occurred when the temperature and pressure 
increase together, normally found on 
orogenesis path which cover a big area, 


progressively change from low P&T to high 
P&T. 





Cataclastic Metamorphism 
¢ This type of metamorphism occurs mainly due 


to direct pressure 
eeg, when two bodies of rock slide past one 
another along a fault zone. Heat is generated by 
the friction of sliding along the zone, and the 


rocks tend to crushed and pulverized due to the 
sliding. 

¢Cataclastic metamorphism is mere mechanical 
breakdown of rocks without any new mineral 
formation, however, sometime due to intense 
shearing few new minerals are formed. 





Cataclastic metamorphism 
(kinematic/dislocation): occurred because of 
movement of the fault which caused the 
fracturing zone, granulation, fault breccias 


(shallow), milonite, filonite (deeper) and 
followed by re-crystallization. 





¢ Burial metamorphism: occurred because of 
loading, normally on sedimentation basin, the 
changes of mineralogy indicated by the 
presence of zeolite mineral. 


¢ Sea floor metamorphism: occurred because of 
the spreading of ocean floor, in the mid ridge 
ocean, when the lithosphere plate form. 
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Grade/Facies of Metamorphic rock 


¢ Based on temperature and pressure 

¢ Consists of rocks association 

¢ Consists of a group of paragenesis rock 
minerals which has different composition but 
form in the same metamorphism condition 
(ohysics and chemistry condition). 
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A, Thermal gradient around an intrusive igneoi 
B. Normal continental geothermal gradient 
C. Geothermal gradient at subduction zone 
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The ZEOLITE facies is named after the zeolite minerals that form in rocks of appropriate composition at a 
very low grade of metamorphism. 


The HORNFELS facies forms as a result of thermal metamorphism (1.e. heating at low pressure). The rocks 
are not foliated and are usually fine grained and brittle. They are commonly “spotted” because of the growth 
of new porphyroblasts (commonly andalusite and/or cordierite in metapelites). 


The GREENSCHIST facies develops under low to medium grades of metamorphism, The name comes from 
the characteristic appearance of metamorphosed basaltic rocks that become “green schists” under low- to 
medium-grades of metamorphism. The green colour 1s mainly due to the presence of chlorite and epidote. 


The AMPHIBOLITE facies develops under medium- to high-grades of metamorphism. It is also named after 
metamorphosed basaltic rocks that develop plagioclase feldspar and hornblende (an amphibole) under 
amphibolite facies conditions. 


The GRANULITE facies forms under high grades of metamorphism; the rocks are commonly granular in 
appearance. Many rock types will begin to melt (in the presence of water) under granulite facies conditions. 
Many granulite facies rocks were formed under dry conditions so that melting could not take place. A 
characteristic mineral of many rocks in granulite facies is orthopyroxene. 


The BLUESCHIST facies forms under relatively high pressure and low temperature conditions. It 1s also 
named after the characteristic appearance of metamorphosed basaltic rocks which become blue(ish) schists 
because of the presence of glaucophane, a blue amphibole. 


The ECLOGITE facies develops under very high pressure conditions. Eclogites consist largely of reddish 
garnet (pyrope-rich) and greenish clinopyroxene (omphacite) and are formed when plagioclase in 
metabasaltic rocks becomes unstable because of the high pressure. 





Index Mineral 


Some of the minerals that form in metamorphic rocks (e.g. garnet, Al;S10. polymorphs) do not occur (or are 
relatively rare) in sedimentary and/or igneous rocks. Certain minerals are a good indicator of metamorphic 
orade since they only appear when specific PT conditions are reached. These are called index minerals. 
When studying an area of metamorphic rocks the presence of index minerals is noted and a line 1s drawn on 
the map indicating the first occurrence of a particular mineral. A line separating two index minerals 1s called 
an isograd (Fig. 7.6). An isograd indicates constant metamorphic conditions. For index minerals like the 
Al,S10. polymorphs (andalusite, kyanite or sillimanite) to occur requires that the PT conditions are 
appropriate (Fig.4.3) but it also requires that we are dealing with metapelitic rocks. Al,S10. polymorphs 
cannot form in non-pelitic rocks (such as metamorphosed limestones or sandstones which often occur 











together with metapelites). 
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summary 


¢ Low metamorphic grade (low temperatures and pressures) 
- about 200 degrees C 
Slate and phyllite 
¢ chlorite 
¢ muscovite 
¢ biotite 
Intermediate metamorphic grade 
Schist 
¢ garnet 
¢ staurolite 
High metamorphic grade - 800 degrees C (verging on 
melting) 
Gneiss and migmatite 
¢ sillimanite 
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Key to Common Metamorphic Rocks 





Non-Foliated 
(Granular) 


Gamet, staurolite 
it 
sittimarite 
may be present 


Scratch Glass 





Foellated 


Softer Than Glass 


2 
OAPSTONE 


Greasy feel; 
as 


Non-Foliated (Granular) 


1 (Shale), slate, and phyllite complete intergrade with each other. Distinctions may be difficult. 
2 Soapstone may be weakly foliated. 


GRANULAR METAMORPHIC IDENTIFICATION KEY 


Black, shiny oe > } 
plagioclase AMPHIBOL 









Red garnet; ‘ 
pale-green Sa be D> | ECLOGITE 
HARDER nyroxene present 


GLASS Many Fused 
translucent quartz QUARTZITE 
Nale colors grains 
7 Dense 
Many dark, dull, 
massive fracture 
wi 
dilute 
Must be Dolomitic 
powdered MARBLE 
SOFTER 
GLASS Softer than Slippery feel; 2 
Greasy feel; S| SERPEN- 
yreen, yellow, TINITE 
fingernall pase ‘ GREEN-" 
ep r 
actinolite STONE 


4 Epidete is pale green. Often it is finely disseminated in the rock so individual crystals cannot be seen. Look for pale- 
drean patches within the darker green chlorite. 








1 Anphibolite is usually foliated, hut seme specimens may appear granular. 
2 May be weakly foliated. 


3 Greenstone is usually well foliated, but massive varieties evist. 


FOLIATED METAMORPHIC IDENTIFICATION KEY 







Dull luster; Slatey cleavage 
often has ring into thin 
Gray, black, when struck flat sheets 
green common; 
may be red 


Shiny luster: 

or brown ast $ may 

FINE be big enough 
GRAINED 10 56 


Bluish or Slender, parallel 
ii fi G 
violet hues : ca als 


Soft platy 
minerals 













Quartz/ 
feldspar/mica 
completal 
Intermix 


Quartz feldspar 
in layers 
separated 

from dark layers 


Biotite or 
muscovite 
dominate 











—_, Weak 
oliation 
Little or plagioclase 
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Lenses of 
quartz and 
feldspar 


1 Under friorescent light-bluish hues may not be easy to detect. On the outcrop in full daylight, the rock is usually a 
distinctly blue colar. 


2 Schistosity = coarse-grained foliation. Phyllites frequently have an undulatery surface and are not flat like slates and 
shales. 


¢ (Shale), slate, and phyllite completely intergrade with each other. Distinctions may be difficult. Ask for help. 
4 Bhoeschist is also called glavcophane schist 

5 Greenschist may superficially look like slate‘phyllite, but has moderately developed schistosity. 

6 Rock may be called gamet schist, or garnet-kyanite schist, etc., depending on the accessory minerals present. 





GRANULITE 





7 Amphibolite may be gratrular in appearance. 
& Granulites may be coidely gneissic or granular in appearance. 
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